Introduction
The study of innovation has always focused on learning, just as public policies for science, technology and innovation have always been aimed primarily at creating and diffusing knowledge. In recent years, however, the focus of learning and knowledge generation has become broader as firms have embraced an increasingly wide range of sources when undertaking innovation.
Although this tendency -which is sometimes associated with 'open innovation' -is not, in fact, new (Chesbrough, 2003; Christensen, 2006) , it does provide a more balanced view of the creation and use of knowledge than was provided by older concepts according to which, through research and development activities, new science eventually inspired new technology which then helped to foster new products and processes, without any provision for significant feedback (Kline and Rosenberg 1986) .
Our emphasis in this chapter is on the generation and use of knowledge in established industries which constitute by far the largest share of the manufacturing and service sectors in most developed economies. Although relatively old, even mature in some cases, these industries are on balance reasonably innovative. They engage in frequent changes in both product and process technologies which, although perhaps less spectacular (in a literal sense) than some of the innovations in newer industries, contribute substantially to their own productivity and competitiveness and to better macroeconomic performance. Through innovation, established industries not only benefit themselves but, in their role as consumers of new products and new ideas, they are also significant contributors to the growth of high-technology industries.
The ability of established industries to engage in frequent technological upgrading is an important determinant of prosperity in economies at all levels of development and should be a major pre-occupation of both managers and policy makers (Robertson, et al., 2003; Robertson and Patel, 2007) .
In following innovative paths, firms in most established industriessectors that have been offering variations on essentially the same product for many years and have gone through long periods of evolutionary change -do not engage extensively in formal Research and Development (R&D) activities as generally defined (Kreinsen, et al., 2006) . 1 As a result, they are generally classed as "Medium-Low" and "Low" Technology by traditional metrics such as the often-cited OECD system of classification based on percentages of sales revenues that firms in an industry devote to R&D expenditures (Hatzichronoglou, 1997) . Thus one of the great areas of debate, which we address in this paper, is where and how firms in established industries are nevertheless able to locate sources of technological knowledge which they then adapt to achieve their own aims even though many of these techniques were originally developed in other industries, and perhaps for quite different uses.
Our argument is that, when discussing innovative activity at the levels of firms, industries and public policy, it is necessary to reach beyond a focus on science-based activities, high technology, and internally-generated knowledge to investigate the broader range of innovative activities that drive change in practice. We contend that in most sectors a 'distributed knowledge base', one that transcends internal sources to draw widely from other firms and institutions forms the basis for innovation. Through diverse channels, both formal and informal, firms obtain information from many sources which they then actively combine through internal adjustments. As levels of R&D are very low in much of the economy, the use of distributed knowledge is, in fact, a major source of new ideas and techniques, especially in low-and mediumtechnology (LMT) firms.
At present, however, the diverse sources of knowledge that firms rely upon for their innovative activities are rarely charted. In order to increase the understanding that managers, policy makers and scholars have of the processes by which knowledge is collected and used, we propose that the sources of innovative knowledge should be mapped systematically to increase our appreciation of the richness of the innovation process. In this way it will be possible to better guide future improvements in the use of knowledge. We illustrate our point with an informal mapping of several sectors in food production and processing.
The Importance of Distributed Knowledge
The economics of innovation has always focused on learning, just as public policies for science, technology and innovation have always been aimed primarily at creating and diffusing knowledge. In recent years, however, learning and knowledge have attracted increasing attention as a result of claims that knowledge-intensive industries are now at the core of growth, and that we are now entering a new type of knowledge-driven economy or even a completely new form of 'knowledge society'.
But what does it mean to speak of a 'knowledge-intensive' industry or a 'knowledge-based' economy? Policy initiatives and public and analytical discussion of innovation issues have taken a very narrow view of this question, identifying the knowledge economy with a highly restricted group of economic activities. These activities tend to be characterised either as those directly involving the creation and transmission of information, or as those associated with high levels of direct R&D, high rates of patenting, and direct links to extensive scientific publishing. This approach to the knowledge economy has two basic limitations. First, it takes a narrow view of the cognitive characteristics of knowledge, focusing on the use of knowledge that is formally created via investment in R&D, thus obscuring the fact that other knowledge forms may exist, with different but economically important characteristics.
Second, the focus on direct creation of knowledge tends to obscure the complexity of economic processes, which in practice involve interdependence and the flow of knowledge between activities.
Our argument is that a 'distributed knowledge base', one that goes beyond internal sources to draw widely from other firms and institutions, forms the basis for innovation in most industries. As levels of R&D are very low in much of the economy, the use of distributed knowledge is, in fact, the main source of new ideas and techniques, especially in low-and medium-technology (LMT) firms.
The Meaning of Knowledge
Concern about the role of knowledge in the economy is hardly new. For instance, Karl Marx argued that a distinguishing feature of mid-nineteenth century capitalism was 'the conscious application of science', and he explicitly treated separation of the conception and execution of tasks (that is, of a knowledge function) as central to mechanisation. In a fascinating Appendix to Capital Vol I, drafted in the early 1860s, Marx (1976 Marx ( [1867 , 1024) wrote:
The social productive forces of labour … come into being through cooperation, division of labour within the workshop, the use of machinery, and in general the transformation of production by the conscious use of the sciences, of mechanics, chemistry, etc. for specific ends, technology, etc. and similarly, through the enormous increase of scale corresponding to such developments (for it is only socialized labour that is capable of applying the general products of human development, such as mathematics, to the immediate process of production; and, conversely, progress in these sciences presupposes a certain level of material production).
In discussing the knowledge economy we are limited by the absence of a coherent definition, let alone theoretical concept, of this term: it is at best a widely-used metaphor, rather than a clear concept. The OECD (1995, 7) has spoken of knowledge based economies in very general terms, as meaning 'those which are directly based on the production, distribution and use of knowledge and information'. This definition is a good example of the problems of the term, for it seems to cover everything and nothing: All economies are in some way based on knowledge, but it is hard to think that any are directly based on knowledge, if that means the production and distribution of knowledge and information products.
The weakness, or even complete absence, of definition is actually pervasive in the literature. For example, Powell and Snellman (2004, 201) , Define the knowledge economy as production and services based on knowledge-intensive activities that contribute to an accelerated pace of technological and scientific advance as well as equally rapid obsolescence. The key components of a knowledge economy include a greater reliance on intellectual capabilities than on physical inputs or natural resources, combined with efforts to integrate improvements in every stage of the production process, from the R&D lab to the factory floor to the interface with customers. These changes are reflected in the increasing relative share of the gross domestic product that is attributable to "intangible" capital (Abramovitz & David 1996. As the relative (not to mention the absolute) reliance on intellectual capabilities is extremely difficult to determine and intangible capital is a diverse set of articles that are again hard to measure, it is not easy to pinpoint to explicit qualities of a knowledge economy in this way.
The definitional problems often seem to follow from reluctance to consider what knowledge is in epistemological or cognitive terms. Almost the only way in which this matter is addressed in the literature is via the concepts of codified and tacit knowledge. However these are themselves hazy (as well as not necessarily distinguishable) concepts and they do not say much about the cognitive content of knowledge. These issues go far beyond the scope of this paper, but it is important to point out that 'knowledge' is in most forms of discourse a highly differentiated and to some extent hierarchical concept. It normally has to do with understanding, with the resolution of perplexity or uncertainty. But this may take many different forms. It may involve explicit theoretical concepts or principles, data generation procedures, canons of evidence and so on, all linked into some kind of explanatory structure. It is this type of knowledge that raises major questions concerning truth content, and that has been the domain of the philosophy of science. At another point on the spectrum, knowledge may involve simply the transmission of data in the context of comprehensible practical guidelines for use. These differences correspond to psychological or cognitive differences in those who 'know'. At one extreme knowledge requires a transformative internalising of some new principle, and at the other it simply involves accessing an intelligible account of how to do something. Such differences -and of course much finer categories could be pointed to -are important in determining what we are talking about with respect to knowledge, but they are often ignored within the literature. Related to this is the matter of institutions. At whatever level we think about the nature of knowledge, institutions are required as generative frameworks and as a kind of social memory (the latter being a precondition for transmission), and these too are of very different forms. The reason for making these very preliminary distinctions is that, because the literature rarely makes any attempt to grapple with such dimensions of knowledge itself, it is often able to slide between very different implicit notions of knowledge, and this is one of the many imprecision's that make the notion of 'knowledge economy' so rhetorical rather than analytically useful.
Knowledge-Intensive Industries?
Before moving to a discussion of knowledge in industry, it is necessary to make a diversion via the concept of 'high-technology'. In much policy analysis it is common to use the terms 'high-technology' or 'knowledge intensive industries' in a somewhat loose way, as though in fact they are both meaningful and interchangeable terms. But we ought to remember that the term 'high technology' is a rather recent invention, and that its meaning is far from clear.
The standard approach in this area rests on a classification developed by the OECD in the mid-1980s (OECD, 1984) . The OECD distinguished between industries in terms of R&D intensities, with those (such as ICT or pharmaceuticals) spending more than 4 per cent of turnover being classified as high-technology, those spending between 1 and 4 percent of turnover (such as vehicles or chemicals) being classified as medium-tech, and those spending less than 1 per cent (such as textiles or food) as 'low tech'. In fact the OECD discussion of this classification was rather careful, and offered many qualifications. Chief among these is the point that direct R&D is but one indicator of knowledge content, and that technology intensity is not mapped solely by R&D. Unfortunately the qualifications were forgotten in practice, and this classification has taken on a life of its own; it is widely used, both in policy circles and in the press, as a basis for talking about knowledge-intensive as opposed to traditional or non-knowledge-intensive industries. This is a serious problem, since the OECD classification as it is used rests on only one indicator, namely intramural R&D. This is open to two important objections. First, it is by no means the only measure of knowledge-creating activities. Second, it ignores the fact that the knowledge that is relevant to an industry may be distributed across many sectors or agents: thus a low-R&D industry may well be a major user of knowledge generated elsewhere. This issue will be discussed in a more empirical manner below.
Even so it is not clear that this classification helps us, even in a limited analysis of trends. One great problem is that the high-tech sector thus defined is small, and there are therefore some difficulties in arguing that it is driving the growth process. In the OECD, the high-tech sector is no more than 3 per cent of GDP even in the U.S.A. (Robertson and Patel, forthcoming Despite these basic problems, the high-medium-low-tech approach has been extended, to divide the medium-tech category into medium-high and medium-low technology industries (Hatzichronoglou, 1997) . Such classificatory manoeuvres cannot, however, alter the fundamental limitations of the category, and ought to cause us to question the identification of knowledge intensive and high-tech industries.
Firms and Industry Expenditures on Knowledge Creation
Although much analysis of knowledge creation rests on R&D data, particularly intramural R&D carried out by firms, it is mistaken to over-identify knowledge creation with intramural R&D, partly for conceptual and partly for practical reasons. Conceptually, R&D data tend to rest on a view of innovation that overemphasizes the discovery of new scientific or technical principles as the point of departure of an innovation process (an approach sometimes called the 'linear model' of innovation) (Kline and Rosenberg, 1986) . It sees innovation as a set of development stages originating in research, and it is this prior significance of research that licences using R&D as a key knowledge indicator. These points imply a more complex view of innovation in which ideas concerning the properties of markets are a framework for the recombination and creation knowledge via a range of activities. In this framework R&D is important, but tends to be seen as a problem-solving activity in the context of innovation processes, rather than an initiating act of discovery.
Some of these points are illustrated by data taken from the third round How, then, can the knowledge content of an industry be understood and described? We can distinguish between three areas of production-relevant knowledge, namely firm-specific knowledge, sector or product-field specific knowledge, and generally applicable knowledge. 8 At the firm level, the knowledge bases of particular firms may highly localised, and specific to very specialised product characteristics, either in firms with one or a few technologies which they understand well and which form the basis of their competitive position; or they may be more broadly based in multi-technology firms or firms with complex products (Granstrand, et al., 1997; Patel and Pavitt, 1998 This is often measured indirectly, as Powell and Snellman (2004) have done, through the use of patent data. But while patents are a valuable indicator when used carefully (Patel and Pavitt, 1995; Griliches, 1991) , it is mistaken to overidentify knowledge creation with intramural R&D and patenting, partly for conceptual and partly for practical reasons. Conceptually, R&D data tend to rest on a view of innovation that overemphasizes the discovery of new scientific or technical principles as the point of departure of an innovation process (an approach sometimes called the 'linear model' of innovation) (Kline and Rosenberg, 1986 ). The linear model portrays innovation as a set of development stages originating in research, and this prior significance of research is used as a justification for using R&D as a key knowledge indicator.
By contrast, modern innovation theory sees knowledge creation in a much more diffuse way. Firstly, innovation rests not on discovery but on learning. Learning need not necessarily imply discovery of new technical or scientific principles, and can equally be based on activities which recombine or adapt existing forms of knowledge (Schulz, 2001 Although some authors (Coombs and Metcalfe, 2000; Coombs, et al., 2003) concentrate on distributed activity that is formally structured -through joint ventures, strategic alliances, conscious outsourcing, and other well-defined organizational forms -we contend that distributed knowledge bases are often inchoate in important ways. As we discuss below, because of uncertainty and uneven distributions of knowledge, it is often difficult to know where to look for appropriate knowledge, if indeed there is any reason to suppose that such knowledge currently exists. The chains through which knowledge is conveyed may have several links, and not all chains are interconnected. Even when knowledge is 'in the air', a particular firm may not be breathing in the right spot to inhale it.
Distributed Knowledge Sources of LMT Industries
The management of distributed knowledge in established low-and medium-technology industries presents distinct challenges, but it is vital.
Because the sources of knowledge may be widespread, however, a first stage towards managing them is to trace where firms in individual industries gain their knowledge, weigh the importance of the various sources, and map them to determine which sources are most important and under which circumstances.
Theorising and modelling in isolation are likely to generate empty boxes if they are not grounded in detailed empirical findings.
Established LMT industries comprise 97 per cent or more of GDP and are similarly dominant in employment and investment (Robertson and Patel, 2007) .
The importance of high technology is primarily exerted through its influence on productivity in LMT industries rather than directly. Because research and development activities as traditionally defined are only minor contributors to change in many established industries, technological upgrading often involves incorporating new technologies based on knowledge that originates outside the enterprise 11 into complex existing frameworks (Hirsch-Kreinsen, et al., 2006; Kodama, 1992) . Firms in established LMT industries, even those among the very oldest, need to manage distributed knowledge bases effectively in order to maintain domestic and international competitiveness. Unless they innovate, these firms risk being overtaken by rivals that implement new product or process technologies or manage change in other parts of their supply chains more successfully. This is often a complicated task; however, that requires commitments of substantial financial and intellectual resources.
Differentiation of knowledge and its communication within organizations is well-known (Schulz, 2001 ). Porter's diamond also discusses the value to firms (and to national economies) of having widespread sources of external knowledge through 'Related and Supporting Industries' that allow relatively inexpensive and quick access to new knowledge (Porter, 1990 ). Porter's main emphasis is on clusters or industrial districts in which highly specialized firms in close physical proximity are able to develop and diffuse information efficiently using mechanism similar to the horizontal and vertical channels discussed by Schulz (2001) . Although there is no doubt that industrial districts may be effective in promoting innovation in some cases (and quite ineffective in others) (Robertson, et al., forthcoming) , for many firms much information comes from further a field.
For example, firms may find it relatively simple to acquire the fruits of new knowledge from other sectors because it is embodied in equipment (Pavitt, 1984) or other inputs that the firms can purchase. In other cases, however, firms may not be able to outsource knowledge acquisition because outsiders do not understand their problems and opportunities as well as the firms themselves.
As a result, in dynamic environments firms need to develop absorptive capacity to access knowledge directly (as well as to increase their 'receptive capacity' (Robertson, et at, 2003) by acquiring a range of other capabilities needed for successful implementation of change). As new knowledge may come from widely distributed sources, this is a difficult problem to manage because, in order to contain costs, firms are forced to gamble on which sources will turn out to be most profitable.
LMT firms may also face problems in trying to mix different vintages of technology (Kodama, 1992) . Both products and processes tend to evolve over time as incremental improvements are fitted into existing patterns and procedures. Where there is conscious modularity and design rules have been laid down (Sanchez and Mahoney, 1996; Baldwin and Clark, 2000) , some changes may be effected through an easy substitution of new components for older ones, but such seamlessness is not always possible. This forces managers to rethink existing practices in order to make the best use of new developments.
Knock-on effects from small changes may, as a result, be significant.
Moreover, when potential improvements of several kinds become available almost simultaneously but have been developed in different environments that are not subject to the same sets of design rules, managers may be forced to choose among them because of incompatibility.
In addition, the uncertainties imposed by widely distributed knowledge generate opportunities for strategic initiatives as managers look for niches in which some types of innovation are especially sought after while others offer less advantage. Specialisation in knowledge acquisition is therefore possible, but carries a risk of generating technological inflexibility if neglected areas turn out subsequently to be competitively vital.
Mapping Distributed Knowledge Sources
The production of detailed maps entails tracing as many of the technological influences operating in a sector as possible and assessing their relative importance. Such maps are essential for good firm management as well as for formulating sound public policies because, in the course of studying complex knowledge flows, they can identify strengths and weaknesses. In particular, structural holes (Burt, 1992) affecting whole sectors and regions as well as particular firms can be located. Short-cuts in existing lengthy flows can be found and entirely new routes opened. But knowledge bases are often diverse and it may be hard to define their characteristics across several dimensions.
Which of the contributing sciences and technologies are the most important, and
what criteria are used in making a determination? Is a specific category of knowledge (new or old) needed in-house and, if so, how much expertise is really needed? Does a specific type of new knowledge come to a firm in an embodied or disembodied form? What sorts of organisational relationships are needed to deal successfully with outside sources of knowledge? These and similar questions are empirical issues and are likely to vary across knowledge categories and from firm to firm and sector to sector. In a complex environment, both managers and policy makers must be able to answer these questions accurately for specific cases rather than relying on broad a priori models.
A number of different types of maps can be generated. For example, to capture knowledge transmission through formal channels, maps of alliances and networks or modular chains are useful. Informal networks such as communities of practice may also be important in charting distributed knowledge flows.
However, any single map is unlikely to capture all of the important dimensions in a distributed knowledge base. Restricting the investigation to formal channels of knowledge transmission could miss important flows travelling through informal channels. Looking at knowledge as ideas and concepts overlooks embodied flows. Using only regional or sectoral frameworks is likewise inadequate -or at least it may be, since the relative importance of each type of channel can differ depending on a firm's particular situation.
Furthermore, investigation should take in potential as well as actual channels since important improvements may be secured by removing existing barriers to knowledge transmission.
Network overlap may also be identified. Carlsson (2006) lists four major sets of institutional structures within which innovation occurs: National Innovation Systems, Technological Systems, Regional Innovation Systems, and Sectoral Innovation Systems. Of these, National Innovation Systems have been extensively explored for nearly twenty years (Lundvall, 1992; Nelson, 1993) but have proved hard to operationalise at the level of the firm. Technological
Systems (Carlsson and Stankiewicz, 1995) centre on the role of technoeconomic relationships in the innovation process. Many of the underlying concepts of Regional Systems of Innovation can be traced back to Marshall (1920 and earlier editions). More recently, the study of regional systems has gained popularity through surveys of Silicon Valley (Saxenian, 1994) and broader conceptual statements (Storper, 1997 Analysts must therefore carefully compare maps in order to achieve as much reconciliation as possible. 
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EMPIRICAL EVIDENCE
Practical difficulties arise in the empirical analysis of content. How can we describe the content of various knowledge's across particular industries, and how are they integrated? Although there is insufficient space for full-scale studies, we turn now to an illustration of this question by looking at the innovative experiences of a major sector whose knowledge base we seek to map. The main issue is the forms of knowledge involved in a sector or industry, the articulation of these knowledge's and their flow across industries.
Embodied and Disembodied Flows of Technology
Inter-agent or inter-industry flows conventionally take two basic forms, 
Shifting Bases of Internal R&D
The range of technologies used by firms in established sectors has increased substantially in recent decades (Granstrand et al., 1997) . Table 1 is based on the U.S. patenting activities of more than 500 of the technologically most active firms in the world. 15 It shows clearly that patenting by these firms, which was already diverse, tended to shift even further away from core technologies between 1981 and 2000. 16 Not surprisingly, the fields that gained the most were in the fast developing areas of drugs and biotechnology and electronics, even among firms whose core businesses were in neither of these areas. To cope with this increasing reliance on distributed knowledge, firms in many industries have had to broaden their technological activities to deal extensively with areas that were previously of comparatively little importance. 
Food Processing
While it is not possible to present a full analysis in the limited space available, the food processing sector offers excellent case studies of the growing importance of distributed knowledge in an LMT sector. There has been innovation along the links in the food processing value chain for centuries.
Using patent statistics, the changing technological activities of large food manufacturing firms based in the USA, Japan and Europe are illustrated in Table 2 . The number of US patents increased by over 80 per cent from 1981-1990 to 1991-2000, and ( in common with the other sectors in Table 1 ) the fields of patenting activity changed significantly. Although in all cases the absolute number of patents grew, the proportion of patents related to food processing and products decreased from 38 per cent of the total to 29.2 per cent, and the share of patents related to chemicals and chemical processes also decreased. By contrast, patents in the 'drugs and bioengineering' class almost quadrupled from one decade to the next, their share growing from 13.6 per cent to 29.3 per cent.
This is not unexpected in view of the recent increase in relevance of bioengineering for agriculture and food processing, and clearly demonstrates a major acquisition of new scientific and technical skills in a sector that is evolving rapidly despite its long history. Source: Robertson and Patel, 2007. In fact, it is likely that these figures understate the absorption of new technologies in food and related industries, especially in food processing. Many technologies are also imported in the form of technology embodied in equipment or other inputs such as packaging as food processing is only part of a long chain of production, all of whose links are subject to improvements in quality and customer satisfaction (Peri, 2005 (Lelieveld, 2000) .
Case Study 1: Fishing and Fish Farming and Meat Processing
Based on extensive research undertaken by the STEP 17 (Science 
Case Study 2: Improvements in Packaging
The extent to which the meat, fish and vegetable sectors have been affected by changes in the field of packaging gives a taste of the breadth of current developments in the industry. Food packaging presents major challenges and opportunities for food processors, as reflected in the many papers on packaging and preservation reported by Troy, et al. (2006) and Marsh and Bugusu (2007) . Non-biodegradable polymers such as polyvinyl chloride not only contribute to major disposal problems but are vulnerable to increases in petroleum prices (Bucci et al., 2005) . The use of alternative forms of packaging may also increase the shelf-life of products (Avella, et al., 2006; Del Nobile, et al., 2008) ), which reduces the importance of speed in transportation. Moreover, longer shelf-life can enable a broadening of markets, continuing the trend to global supply that was begun in the nineteenth century, and enhance economies of scale. For example, improved packaging that allows refrigerated, rather than frozen, Norwegian or New Zealand fish to be sold in distant markets, could generate greater demand and higher prices for producers in Norway and New Zealand (as well as to overlapping markets and new types of competition).
Several different scientific and technological bases for improving the effectiveness of food packaging are under consideration. A recent study by Cannarsi et al. (2005) , for example, compared the use of two biodegradable films for wrapping freshly cut beef steaks with the results obtained from polyvinyl chloride, the plastic that is currently used. The outcomes from the three films were compared following extensive tests designed to simulate normal storage conditions. As the authors found that there was no substantial difference in the performance of the three products, the concluded that a switch to biodegradable films is desirable on environmental grounds. Similarly, Del-Valle et al. (2005) have reported on longer shelf-life with reduced use of nonbiodegradable packaging. The scientific base, however, is different in this case.
They found that, by creating a mucilage-based coating derived from prickly pear cacti, scientists were able to create an edible coating for strawberries that also offers the possibility of reducing losses during handling and transport.
Nanotechnology has also become important in the packaging industry.
Nanocomposite films are now used to increase the shelf life of minimally processed fruits such as apples (Avella, et al., 2006) . As nanomaterials present high risks of toxicity, however, scientists have established that special care is needed to minimize the migration of inappropriate substances into foods and their subsequent ingestion (Powell and Kanarek, 2006a and b) .
As technologies enter into the food processing supply chain at different points as well as from different sources, the possibilities for change are manifold. In the early stages of the chain, for example, new processes such as fish farming and new products (or modified versions of existing products) can lead to cost reductions that then force changes in subsequent stages such as distribution, and the same applies to changes in other links that then reverberate throughout the chain. Taken together, these pose considerable challenges for firms that need to coordinate responses to change. Mapping increases the awareness of food processors to developments in food production, packaging and transportation as well as in the technologies that their own firms develop internally and use directly.
CONCLUSION
Firms in established industries must often operate in unstable and uncertain environments that require them to manage a diverse and changing array of knowledge bases. The message that emerges from the varied experiences that we have discussed is not that the problem is too complex to be analysed, but that the place to begin is with detailed empirical mappings of the management of distributed knowledge bases in order to determine which are the most important and under which circumstances.
The pervasiveness of distributed knowledge bases accounts for much of the diversity that the maps reveal since different firms belong to different, if overlapping, networks as a result of many factors including different social connections, perhaps derived from using different suppliers and catering for different customers. The outlooks and training of owners and managers also vary across firms in the same sector or region and among firms using similar technologies and drawing on similar scientific bases.
It is naïve to believe that the study of any particular dimension or network structure can adequately capture how knowledge bases are managed in respect to innovation. 18 Any firm operates in a region or regions, belongs to a sector or sectors, and employs one or more technologies. And conditions will often vary across firms because of their own internal characteristics. A global firm will probably be differently placed in many of these types of networks than a highly localised firm would be (which is not to deny that even one plant SMEs can also be embedded in international networks in important way). Similarly, multi product and single product firms may have access to different knowledge bases, although this can be altered to some extent by investments in absorptive capacity.
Moreover, the possibility of diminishing returns must be recognised since search costs would surely put the detailed mapping and analysis of knowledge flows for all firms beyond the capacity not only of firms but of governments.
Sampling strategies need to be developed in order to maximise the value of mapping exercises. In the end, it is likely that only a very limited number of firms and sectors could be explored in depth. The information gathered, however, could be used together with the results of the broader, but necessarily more shallow, innovation surveys that many governments have conducted in recent years. This would also enable analysts to generate a far richer picture of how distributed knowledge bases are currently managed as well as offering better insights into how management could be improved in certain cases. Wageningen Academic Publishers).
1 This is not invariably true. Some industries that have been around for long periods, such as automobiles and aerospace, are very active in R&D, although they tend to concentrate more on engineering and applied science than on pure science. As it ages, the electronics sector increasingly falls into the same category.
2 For an extended treatment of the continuing importance, see Edgerton (2007) .
3 It may also be complicated by the fact that some sections of ICT and other high tech sectors have become less exotic in a technological sense as they have aged but continue to be considered as cutting-edge in statistical surveys. At the same time, other, newer, activities have been added to the high tech category. Thus without an occasional but rigorous pruning, the proportion of activity classed as high tech would continue to grow even if the proportion of technologically new activities in reality remains the same or even decreases. 4 Similarly, Grinstein and Goldman (2006,:121) have recently written that 'Technology firms occupy a central position in modern economies. They drive economic growth [and] productivity gains and have created new industries and innovative products and processes.' Bewilderingly, they justify their claim by noting that the importance of technology firms 'is reflected in the wide coverage they receive in the mass media and in the business literature.'
5
On a strict reading, the Frascati Manual's definition of research would have to include things like market research, which often involves rather sophisticated social investigation. The development definition, on any reasonable interpretation, should include more or less all activities related to innovation. However the Frascati Manual also contains a list of exclusions. The most important of these are summarised in Table 2 .2, which gives guidance on how to divide R&D from non-R&D. Prototypes are included in R&D. But pilot plants and industrial design are only included if 'the primary purpose is R&D'. This is equivalent to saying that 'they are R&D if they are R&D' -its does not really help. All improvements in production processes are excluded from R&D. Engineering development and trial production may be R&D or may not -it is rather arbitrary. Trial production is included 'if it implies... further design and engineering'. Trouble shooting, patent and licence work, market research, testing, data collection and development related to compliance with standards and regulations are all excluded. If taken seriously by respondents to R&D surveys, this would exclude virtually all development work from Research and Development data (OECD, 1993) . 6 Firms with fewer than 250 employees. 13 Embodied knowledge cannot necessarily be slotted into an existing framework on a turn-key basis. On the contrary, for both product and process technologies, embodied knowledge may lead users to make substantial adjustments that involve significant development (and sometimes scientific research) activities on their part.
14 'Sending' industries also face problems in locating the full range of customers who might be interested in their products. If they fail to attract the notice of enough customers, this may substantially lower the rate of return on innovative activity (Robertson, 1998; Robertson, et al., 2003) . 15 A patent is granted when a patent examiner believes that the applicant has the competence to improve technology in a given field, despite the fact that it may be difficult to foresee its degree of usefulness at the time. Patent data therefore reflect corporate capacity to generate change and improvement in a given area of technology. In this respect, their main drawback is that -until recently -they did not cover software inventions, and that firms sometimes use other methods than patenting to protect their technological lead. As a result, our findings should be taken as an understatement of the importance of new technologies to LMT sectors because they may fail to catch many other aspect of technological upgrading. 16 There is a residual category containing all the patents that are not in these five categories. Consequently, the percentages within each product group reported in Table 1 do not add up to 100.
17 Now NIFU-STEP. 18 Groenewegen and van der Steen (2006) discuss layering within each type of innovation system. This suggests that another of the challenges of mapping is to relate layers within a network to similar layers in parallel and overlapping networks.
